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ATP-independent binding in heart. Furthermore, in
heart and muscle we could explain the decrease in the
Kpuip.vive values by in-vitro binding studies, while in
liver this was not so.
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Mechanisms of the relaxations induced by 5-hydroxytryptamine on
the rat isolated caecum

Mary O. Ucuru*, 8. O. A. BAMGBOSE, Department of Pharmacology, College of Medicine, University of Lagos, P.M.B.

12003, Lagos, Nigeria

The mechanism by which 5-HT produces relaxations of
the rat caecum has been examined. Propranolol and
cocaine markedly attenuated the relaxations whereas tetro-
dotoxin had no effect. Higher doses of propranolol and
cocaine (>10-6M), as well as reserpinization, converted
the relaxations into contractions. There was a residual
relaxation resistant to propranolol, cocaine and reserpine
treatment. High doses of 5-HT (>10-5M) were thus
thought to relax the rat caecum indirectly, through the
release of noradrenaline from the tissue by a tyramine-like
action. The relaxations do not seem to be due only to the
release of noradrenaline.

The resting tone of the rat caecum is such that the
preparation responds to application of a drug with
contractions or relaxations depending on the drug used.
Sympathomimetic drugs cause relaxation and cholino-
mimetics (bradykinin and prostaglandins E;, E, and F)
contraction. Low doses of 5-hydroxytryptamine
(<10-6 M) produce a contraction which is converted to
relaxation in the presence of atropine (Tayo & Acholem
1981). Higher doses of 5-HT (>10-6 M) produce relaxa-
tion of the caecum in the absence of any antagonist
(Uguru 1983). The possibility that this relaxation might
be due to the release of noradrenaline from the tissue
has been investigated. Adrenergic axons in other tissues
are known to be capable of taking up S-HT and

* Correspondence and present address: Department of
Pharmacology, Faculty of Medical Sciences, Unviersity of
Jos, PMB2084, Jos, Nigeria.

releasing noradrenaline (Innes 1962; Owman 1964;
Pluchino 1972).

Materials and methods
Albino rats, 200-350 g, were killed and exsanguinated.
The intestine was exposed and the caecum cut at the
ileo-caecal junction. The appendix was removed and
the caecal contents flushed out with Tyrode solution of
the composition (mm); NaCl 137, KCl 2.7, MgCl, 0-5,
CaCl, 1-36, NaH,PO, 0-3, NaHCO; 119, glucose,
11-1. The tissue, mounted in a 50ml organ bath
containing Tyrode solution between 35-37 °C and bub-
bled with air, was left for 1 h to equilibrate, the Tyrode
solution being replaced every 15 min. Responses were
recorded on an Ugo Basile Gemini recorder (CAT
7070) by means of an Ugo Basile isotonic transducer
(CAT 7006). The tension on the tissue was between
0-81g.

5-HT was added non-cumulatively to the bath and
was left for 1 min before washing. 2-3 min were allowed
between applications of 5-HT. Increasing concentra-
tions of propranolol, cocaine or tetrodotoxin were
added cumulatively to the Tyrode solution in the
reservoir and tissues were exposed to each concentra-
tion for at least 30 min before addition of 5-HT. Other
rats were treated with reserpine 4 mgkg-1, 18-20h
before the addition of 5-HT.
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FiG. 1. A. Typical response of the rat isolated caecum induced by 5-HT. Vertical scale: tension of isolated tissue in mg.
Horizontal calibration: time in min. B. The development of tachyphylaxis to the contractile effect which did not affect the

relaxations. The responses were obtained 5 min after A.

Drugs used. These were: 5-hydroxytryptamine creati-
nine sulphate (Sigma), propranolol (ICI), cocaine (May
& Baker), reserpine (Ciba) and tetrodotoxin (Sankyo).

Stock solutions of the drugs were made in distilled
water and these were diluted with Tyrode solution for
the experiment. 5-HT was dissolved with a few drops of
concentrated hydrochloric acid before being made up to
volume with distilled water. The concentrations of the
drugs are expressed as the final organ bath concentra-
tion in moles.

Results

Concentration-response curve for 5-HT on the rat
isolated caecum. Low doses of 5-HT (3-6 X 10-8-5-8 X
10-7M) caused dose-dependent contractions of the
caecum. These reached a plateau, after which the

contractions gradually declined. Higher doses of 5-HT
(1-9 x 10-5 - 7-5 x 10-5 M) produced concentration-
dependent relaxations (Fig. 1A).

Tachyphylaxis to the contractile effect of 5-HT. After the
initial dose-response curve was completed, subsequent
contractions to 5-HT were markedly reduced (Fig. 1B).
The tachyphylaxis persisted after washing the prepara-
tion at 15 min intervals for 1 h. However, the relaxa-
tions were reproducible and started to decline only after
4-5 dose-response curves were obtained.

Effect of propranolol and cocaine on the relaxations.
Propranolol (3-0 x 10-8 ~ 3-0 x 10-6M) and cocaine
(57 x 10-7 - 5-7 x 10-5 M) caused a dose dependent
inhibition of the relaxations induced by 5-HT (Figs 2, 3).
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FiG. 2. Effect of increasing concentrations of propranolol on the relaxations induced by 5-HT. A = control, B and C are
responses in the presence of propranolol 3 X 10-8 and 3 X 10-% M respectively. The black dots indicate addition of 5-HT.

Vertical scale: tension of isolated tissue in mg. Horizontal calibration: time in min.
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Fic. 3. A typical effect of cocaine on the relaxations induced by 5-HT. A = control, B = responses obtained 5 min after A,
C, D and E = responses in the presence of increasing concentrations of cocaine 5-7 X 10-7,5.7 X 10-6and 5-7 X 10-5 M
respectively. Vertical scale: tension of isolated tissue in mg. Horizontal calibration: time in min.
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FiG. 4. Typical responses to 5-HT in preparations from rats
pretreated with reserpine, 4mgkg-1, 18-20 h before the
experiment. Vertical scale: tension of isolated tissue in mg.
Horizontal calibration: time in min.

Higher doses of these drugs (>10-6 M) converted the
relaxations into contractions. There was a residual
relaxation, even in the presence of high doses of both
drugs.

Effect of reserpine pretreatment. Concentrations of
S5-HT, which caused relaxations in control tissues,
produced contractions in tissues from rats pretreated
with reserpine (cf. Figs 1A, 4). Rats treated with

reserpine showed less tachyphylaxis to the contractile
effect of 5-HT and up to four dose-response curves were
obtained without tachyphylaxis being seen.

Effect of tetrodotoxin. Tetrodotoxin (10-7 - 105 m) did
not have any effect on the relaxations (Fig. 5A, B). The
decrease seen in the height of the contractions in Fig. 5B
may be due to tachyphylaxis as observed in the control
experiments (e.g. Fig. 1B).

Discussion

Low doses of S-HT produced contractions of the
caecum while higher doses produced relaxations.
Tachyphylaxis developed to the contractile effect of
5-HT on this tissue in a manner similar to other parts of
the rat intestine (Gillan & Pollock 1980; Farmer &
Laniyonu 1984). The relaxations were reproducible and
might be due to the action of noradrenaline released
from the tissue by 5-HT as they were similar to those
induced by exogenously applied noradrenaline (Uguru
1983) although the doses were much higher in the case
of 5-HT. Noradrenaline (10-9 — 10-8 M) always pro-
duced dose-dependent relaxations of the tissue. Prop-
ranolol, which blocks the action of noradrenaline on the
tissue, also antagonized the relaxations induced by
5-HT. Cocaine, which blocks the uptake mechanism of
drugs into adrenergic axons, and reserpine, which
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FiG. 5. Effect of tetrodotoxin 3-1 X 10-6 mon the responses of the rat caecum induced by S-HT. A = control, B = responses
in the presence of tetrodotoxin. Vertical scale: tension of isolated tissue in mg. Horizontal scale: time in min.

depletes adrenergic nerves of noradrenaline, converted
the relaxations into contractions.

The relaxations were not affected by tetrodotoxin,
suggesting that 5-HT could displace noradrenaline by a
mechanism which did not involve action potentials.
Tetrodotoxin blocks sodium channels without affecting
the store of transmitters in the nerve endings (Oriowo
1981) and it is possible that 5-HT could be releasing
noradrenaline from these stores by a tyramine-like
action which is not blocked by tetrodotoxin, but is
antagonized by cocaine (Smith 1973). This ability of
adrenergic axons to take up 5-HT and release noradre-
naline by a tyramine-like action has been widely
reported (Innes 1962; Owman 1964; Shasken & Snyder
1970). The residual relaxations in the presence of high
concentrations of cocaine and propranolol and after rats
had been pretreated with reserpine may be due to the
stimulation of inhibitory tryptamine receptors as repor-
ted by Bucknell & Whitney (1964) and Burleigh£1977)
for the human colon. .

In conclusion, adrenergic nerves in the rat caccum are
capable of taking up 5-HT and releasing noradrenaline.
It is possible that at least part of the tachyphylaxis to the
contractile effect of 5-HT on the tissue is due to a
physiological antagonism by noradrenaline. This is

supported by the observation that the tachyphylaxis did
not occur so readily in tissues from reserpine pretreated
rats. These results suggest that to investigate the
contractile effect of 5-HT on the rat caecum, it is
necessary to destroy the adrenergic nerves or to deplete
the tissue of its noradrenaline content.
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